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PRESENCE AND REGULATION OF THE SYNTHESIS OF TWO ALCOHOL
DEHYDROGENASES FROM SACCHAROMYCES CEREVISIAE

L. Schimpfessel*

Introduction 4/371 **

The Saccharomyces cerevisiae yeast can grow using ethanol

as the only source of carbon, regardless of whether the ethanol is

provided as the sole source of carbon, or whether after an aerobic

growth on glucose, the yeast assimilates the ethanol, a product of

the aerobic fermentation, accumulated in the medium. The curves

of prolonged growth on glucose reveal this phenomenon by the

appearance of a double growth.

This work is devoted to the study of the first enzyme of

ethanol assimilation in S. cerevisiae: the alcohol dehydrogenase

(alcohol: NAD oxidoreductase, EC l.l.l.l).Actually, the growth

of the yeast on ethanol involves the oxidation of alcohol in

acetate with the transient formation of acetaldehyde. The presence

of enzymes involved in this oxidation -- the alcohol dehydrogenase /318

that oxidizes the ethanol to acetaldehyde and the aldehyde dehydro-

genaee that oxidizes the acetaldehyde to acetate -- has been duly

established in the case of S. cerevisiae.

While the alcohol dehydrogenase of yeast has been the object

of a number of studies both from the standpoint of its structure

and from the standpoint of its working mechanism, few works, however,

have dealt with its regulation. Since it is only slightly subject to
substantial fluctuations, this enzyme was deemed "constitutive"

SResearch Institute, Learning and Research Center of the Food and
Chemical Industries (C.E.R.I.A.), Brussels, and of the Laboratory
of Microbiology of the University of Brussels, Brussels, Belgium.

*MNumbers in the margin indicate pagination in the foreign text.
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in yeast until lately.

But in 1957, Galzy and Slonimski [3] observed higher rates of

alcohol dehydrogenase activity in S. Cerevisiae grown in a medium

where lactate is the sole source of carbon than in yeast grown on

glucose. The significance of these high alcohol dehydrogenase con-

tents on lactate did not, however, appear immediately, even consid-

ering the possible dual role of the reaction catalyzed by the alco-

hol dehydrogenase. This observation induced us to resume the study

of alcohol dehydrogenase regulation in yeast. The details of our

results are presented hereinbelow; a brief summary of these results

has already been published [8, 10]. There are two independently

regulated alcohol dehydrogenases (I and II), and the catabolic de-

repression of dehydrogenase II is responsible for the sharp varia-

tions observed. More recently, Witt, Kronau and Holzer [11], on the

one hand, and Hommes [4], on the other, confirmed the variations of

the overall alcohol dehydrogenase content without making a distinc-

tion between the two forms of alcohol dehydrogenase. These authors

showed that the alcohol dehydrogenase activity rate can vary consid-

erably in yeast, depending on whether it has glucose or not, and

when it does, depending on the initial glucose concentration in the

medium. Holzer deduced that the alcohol dehydrogenase synthesis is

repressed by glucose. This glucose effect at the alcohol dehydro-

genase level permits control of the intensity of gluconeogenesis

from ethanol, which becomes useless when the cell has glucose for

its growth.

In the case of S. cerevisiae, this work establishes the indi-

viduality of two alcohol dehydrogenases involved in different

metabolisms. In 1957, Ebisuzaki and Barron [2] had already

described the presence of a second alcohol dehydrogenase in yeast

without attributing a specific role to this new enzyme in its

metabolism. Actually, while the classic alcohol dehydrogenase of

yeast (alcohol dehydrogenase I) is directly linked to glycolysis
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where it ensures the reoxidation of NADH while reducing the acetal-

dehyde to ethanol, the new alcohol dehydrogenase Calcohol dehydro-

genase II) ensures the entry of ethanol in the metabolism by

oxidizing it to acetaldehyde. The synthesis of this latter alcohol

dehydrogenase is the one that is sensitive to repression by glucose.

The two enzymes have been distinguished on the basis of their

enzymatic specificity, their thermostability and their heat

inactivation kinetics.

Material and Methods

Yeast Strain

The yeast strain used is a pure strain of bakerts yeast

(Saccharomyces cerevisiae), normal diploid "yeast foam,/"

Culture Media

The complex natural medium with glucose contains, per liter:

yeast extract, 2.5 g; KH2 PO , 2.7 g; (NH4)2 SO 4 , 2.6 g; MgSO4-7H20, /319

0.25 g; glucose, 20.0 g. The solution is carried to a final pH

of 6.5 and sterilized in an autoclave.

The culture medium with ethanol is the same complex natural

medium as the preceding one, but without glucose. The solution is

carried to a final pH of 5.0 and sterilized in an autoclave.

20 ml of ethanol sterilized by filtration are added per liter of

medium in a sterile manner.

The culture media with acetate and lactate are prepared

substituting for glucose either 6 g per liter of potassium acetate,

or 22.4 ml per liter of a 50% solution of sodium lactate. The

solutions-are carried to a final pH of 5.01and sterilized.
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Growth of Yeasts

Growths, followed with a Beckman B spectrophotometer at 660 nm,

are carried out at 300. Aeration of the cultures is provided by

constant stirring of the balloons on the mechanical incubator.

Anaerobic cultures are produced in 6-liter balloons containing

4 liters of medium stirred by means of a magnetic bar in a nitrogen

atmosphere. The cells are collectedd.by centrifugation in the

exponential phase of growth (degree of absorption 1.2).

Preparation-of the Extracts

After centrifugation of the culture at 00. for 4 min at 3000 x g,

the yeast deposits are washed in distilled water and returned to

suspension in a 0.05 M phosphate buffer (pH;7.7)attherateofabout 5 g

of moist weight and 15 ml of the buffer. This suspension is then

exposed to supersonic vibrations for 5 min in a Raytheon apparatus

(10 Kc - 250 W). The total extract obtained is then centrifuged

at 3000 x g for 5 min: the deposit obtained consists of two layers:

a lower layer, consisting of intact cells; the other one, an upper

layer, consisting of cell walls. The supernatant, which consists

of the raw extract is maintained at 00. Finally, the raw extract

is centrifuged at 100,000 x g for 30 min, resulting, on the one

hand, in a gelatin-like deposit consisting of the cytoplasmatic

granulations and, on the other hand, the supernatant ~liquid or

soluble fraction.

The proteins are determined by the b.uret method.

Measurement of the Alcohol Dehydrogenase Activity

The alcohol dehydrogenase is determined in the soluble extract

according to Rackera 17] method, with respect to oxidation of

ethanol and acetaldehyde.
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In the presence of an excess of ethanol the reduction rate of

NAD is proportional to the enzyme concentration. The formation of

NADH is followed in the Beckman DK 1 with an optical path of 1 cm

and a wavelength of 340 nm.

The specific activities of alcohol dehydrogenase are expressed

in rational units, i.e., in pM of NADH formed by h/mg proteins,

bearing in mind the coefficient of molar extinction of NADH

(6.22-103).

Results /320

Development of the Alcohol Dehydrogenase Activity During the
Growth of S. Cerevisiae on Glucose

A prolonged growth of S. cerevisiae on glucose involves,

essentially, three distinct phases: (1) the exponential phase of

growth on glucose wherte the yeast ferments the glucose producing

ethanol, which accumulates in the medium; (2) the phase of slacken-

ing and latency where the exhaustion of glucose in the medium

causes the arrest of growth at the expense of this sugar; and (3)

the phase of exponential growth on ethanol where the yeast

assimilates the ethanol accumulated during fermentation (see Fig. 1).

In order to establish a possible correlation between the

evolution of the cell physiology during this double growth, and

the enzyme equipment of the yeast, determinations of the alcohol

dehydrogenase activity were conducted with the soluble fractions of

yeast extracts collected throughout growth.

A noticeable increase in the specific activity of this

enzyme occurs- during phases (2).and (3): Csee Fig. 1),at the time

when the yeast, .haying exhausted the glucose present in the medium,

adjusts to reduce the accumulated alcohol.
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1.0 -Culture Carbon Source and

2. Rate of ActiVity of Alcohol
150 Dehydrogenase

. The determination of the
S .1003'
aQ o. rates of activity of alcohol

'0 b dehydrogenase in the raw

a o extracts of S. cerevisiae after

-- growth on different carbon

S3 12 15is substrates has yielded the
C Tems(h)

-. . . following results (see Table I).
Fig. 1. Growth of S. cere-
visiae on glucose (e) and
specific activities of alcohol All of the yeast extracts
dehydrogenase (o). For details
of the phases, see text. grown on ethanol, lactate, or

Key: a. Log degree of absorption glycerol as the sole source of

b. Specific activity carbon exhibit much higher
c. Time (in hours) alcohol dehydrogenase contents

than the yeasts cultivated on

glucose.

TABLE I. RATE OF ACTIVITY OF ALCOHOL DEHYDROGENASE AC-
CORD ING',TO :THE NATURE OF THE ,CULTURE .CARBON,-SUBSTRATE.

Carbon Duration Specific Activity (units)
of Alcohol Dehydro enase

Source (g) of of Yeasts Collected in
Growth the:
(min) Exponential Stationary

Phase Phase

Glucose 45 20 60o
Ethanol 260 170 25o
Lactate 26o 200oo 26o
Acdtate x6o zo -
Glycdrol 26o 25o -



Comparative Study of Alcohol Dehydrog'enase Activities in
S. CereVisiae According to the Nature of the Culture Carbon
Substrate

Thermostability. In order to determine the respective thermo-

stability of the different alcohol dehydrogenase preparations, /321

soluble extracts are exposed for 5 min to the action of increas-

ing temperatures, and their residual activity is determined at

the regular temperature (Fig. 2). The alcohol dehydrogenase of

the extracts from yeasts cultivated on ethanol (extract II) exhibit

a greater thermostability than the thermostability of the aerobic

or anaerobic yeasts on glucose (extract I).

Insofar as the extract on

10 . lactate is concerned, it might

consist of a mixture of the two

types of alcohol dehydrogenase.
50

ac The inactivation temperature,

.30 40 50 60 or the temperature at which a
Tep6rcture 5-min treatment suffices to in- /322

Fig. 2. Residual activity of activate 50% of the initial
alcohol dehydrogenase after a activity of alchol dehydrogenase
5-min heat treatment at dif- activity of alchol dehydrogenase
ferent temperatures: *, yeast (according to Kaplan [5]) is
extract cultivated on glucose; derived from these measurements
o, yeast extracts cultivated derived from these measurements
on ethanol. of thermostability (Table II).

Key: a. Percentage of activity

TABLE II. TEMPERATURE OF INACTIVATION OF ALCOHOL DEHYDROGENASE AC-
CQRDTNG TO THE ORIGIN OF THE EXTRACT.

Origin of Extract Inactivation Temperature Type of Alcohol
Dehydr.ogenase

Glucose/ajr 590. Alcohol dehydrogenase I
Glucose/N2  600 Alcohol dehydrogenase I
Ethanol 70G. Alcohol dehydrogenase II
Lactate 66.50 Alcohol dehydrogenase I

. .. ... ..... . .. .. an d I I
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Heat Inactivation Kinetics

For the purpose of quantitatively evaluating the relative heat

resistance of alcohol dehydrogenases, soluble extracts of yeast on

glucose CI) and on ethanol (II), previously diluted so as to

include the same protein concentrations, as well as a mixture of

the two extracts, are exposed to the action of heat, at specific

temperatures (530, 570, and 610) for different intervals; their

residual activity is then measured at room temperature [12].

Figure 3a represents

o a b the inactivation kinetics

at 610. Thermodenatura-u OV5-

1 075- tion leads, both for the

5 extracts treated sepa-
-- a D, n ately and for the

S 10 20 30 0 10 20
b Tempsde chauffage (min) mixture, to complex

Fig. 3. Heat denaturation of alcohol kinetics which reveal

dehydrogenases at 61.. a. Heat in- the heterogeneity of the
activation kinetics of alcohol de- three samples. Butthree samples. But
hydrogenase I (e), of alcohol dehydro-
genase II (o) and of a mixture (+). while the alcohol de-
b. Inactivation lines of p
alcohol dehydrogenase I (o) and IIogenase present in
(o) calculated on the basis of the extract I (glucose) is
data of a..data of a. inactivated by more than

Key: a. Log of specific activity 90% after 12 min at 610,
b. Heating time (min) the enzyme of extract II

(ethanol) retains almost

90% of its initial

activity after this treatment. This confirms that the alcohol de-

hydrogenases present in the two types of extracts differ at least

from the standpQint of their thermostability. The inactivation

lines of the two types of alcohol dehydrogenases were calculated

on the basis of the experimental data CFig. 3b) and permitted the

determination of the respective half-life of the two components

(Table III).
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TABLE III. HALF-LIFE OF ALCOHOL DEHYDROGENASES AT 61.

Alcohol Dehydrogenase Type ... Half-Life at..610

Alcohol dehydrogenase I 1 min 39 sec
Alcohol.dehydrogenase II 87 mi n 45 sec

These values are encountered again both for the components

of the extract on glucose and for those of the extract on ethanol,

thus confirming the identity of the two components that constitute

the extract in both cases.

The extrapolation of zero time of the linear portions of the /323

two curves makes it possible to determine the percentage of thermo-

sensitive (alcohol dehydrogenase I) and heat-resistant (alcohol

dehydrogenase II) components in the different extracts (Table IV).

TABLE IV. ALCOHOL DEHYDROGENASE I AND II CONTENT OF THE DIFFERENT
EXTRACTS.

Origin of the Alcohol Dehydro-;>,,Alcohol Dehydro-
Extract genase I (%) genase II (%)

Glucose/air (exponential
phase) 93 7

Glucose/air (stationary
phase) 64 36

Glucose/nitrogen 98 2
Ethanol 37 63
Lactate 55 45

Enzymatic SpecIficity

The comparison of the oxidation rate of different alcohols,

under standard conditions, by the soluble fractions of yeast

extracts. has made it possible to. establish the spectra of speci-

ficity of the different extracts.
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The alcohols used include molecules of Cl, C2 , C3 , C4, 05

and C8 . They are, respectively, methyl, ethyl, n-propyl and

isopropyl, n-butyl, see-butyl and isobutyl, n-amyl and n-octyl

alcohols; furthermore, ethylene glycol and glycerol have also

served as a substrate. The conditions of determination are /324

similar to those described for the determination of alcohol de-

hydrogenase with alcohol concentrations identical to those of the

ethanol' concentration.,. 

The results are shown as a graph where the activities are

expressed in a percentage of activity for ethanol taken as 100%

(see Fig. 4).

50.5 n .. ... .
.5. ,I 5. . ,b . -

ah~

50-U nn n ...
Fig. 4. Spect'ra of specificity of alcohol dehydrogenase of the
different yeast extracts. A, glucose/air; B, glucose/nitrogen;
C, glucose/air - end,,of growth; D, ethanol, and E, lactate.

Fig. 5. Spectra of spec£ficity of alcohol dehydrogenase I (I),

o Ilohol dehydrogenase II CM)"and of commertial crystalline

alcohol dehydrogenase C().

Key: a. Percentage of activity
b. Ethylene glycol
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The activities of alcohol dehydrogenase from S. cerevisiae

extracts exhibit significant differences in specificity with

respect to the alcohols studied, depending on the nature of the

culture carbon substrate: while the alcohol dehydrogenase activities

of yeast extracts cultivated on glucose, both in the presence and

absence of oxygen, present great similarities, they are clearly

distinguished from the yeast extracts from cultures on ethanol or

lactate as the sole source of carbon, the latter activities behave

in a similar manner one with respect to the other.

With respect to the change of carbon source that takes place

naturally at the end of aerobic growth on glucose, it is accompanied

by a change in the specificity of the extract opposite the alcohols,

which reflects a variation of its composition in alcohol dehydro-

genases.

Figure 5 includes, in one same graph, the alcohol dehydrogenase

activities of commercial Boehringer crystalline yeast (values given

by Barron and Levine [1]) and the relative activities of two

soluble preparations of S. cerevisiae cultivated on glucose on the

one hand (alcohol dehydrogenase I) and on ethanol on the other

(alcohol dehydrogenase II).

The activities of alcohol dehydrogenase I are comparable to

those of crystalline alcohol dehydrogenase, while the activities

of alcohol dehydrogenase II are distinguished by a greater oxidation

of the higher alcohols.

Oxidation of Cihnnamic Alcohol

Ebisuzaki and Barron [2]. described the presence of a second

alcohol dehydrogenase in yeast, which they also called alcohol

dehydrogenase II. Cinnamic alcohol, which is oxidized

ten times faster by alcohol dehydrogenase II than by the classical

11



alcohol dehydrogenase appears among the alcohols that are oxidized

by this new enzyme.

The study of the enzymatic specificity was extended to

cinnamic alcohol in order to establish an eventual identity

between the alcohol dehydrogenase II of Ebisuzaki and Barron and

the heat-resistant alcohol dehydrogenase II revealed in the dif-

ferent yeast extracts during the present study.

Table V groups the relative activities for cinnamic alcohol

of the different extracts, bearing in mind that a value of 100 /325

is attributed to the activity opposite ethanol.

TABLE V. OXIDATION OF CINNAMIC ALCOHOL BY DIFFERENT
EXTRACTS.

Origin of the Extract Oxidation Activity of
Cinnamic Alcohol

Glucose/N 2  4
Glucose/air (exponential phase) 4
Glucose/air (stationary phase) 26
Ethanol 36
Lactate 30

These results, which are close to those of Ebisuzaki and

Barron, would appear to indicate that there is identity between

the two enzymes, at least on the basis of the activity with

respect to cinnamic alcohol.

Thermal Denaturation and Enzymatic Specificity

When the soluble fraction of a yeast extract grown on glucose

is exposed to a heat treatment at .61q for 15 min, it loses 90%

of its alcohol dehydrogenase activity.. This moderate heat treat-

ment produces the selective inactivation of the more thermosensitive

enzyme, alcohol dehydrogenase I, without simultaneously denaturing

the other component, alcohol dehydrogenase II (according to Fig. 3a).
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Immediately. following this treatment, the samples are cooled

on ice and the oxidation activities of the different alcohols are

then measured at room temperature.

Table VI shows the specificity results prior to and after the

heat treatment.

TABLE VI. ENZYMATIC SPECIFICITY PRIOR TO AND AFTER A HEAT TREATMENT
AT 610 FOR 15 MIN.

Alcohols . Prior to After

n-Propanol 31 49
n-Butanol 15 36
Isobutanol 1.6 3.9
Cinnamic alcohol 6.5 21
Octanol 1.4 9.2

The specificity of the residual activity is substantially

modified in the direction of an increased oxidation of the higher

alcohols. Conversely, a similar heat treatment carried out with a /326

soluble extract of yeasts grown on ethanol does not modify the

specificity.

Differential Synthesis Velocities of Alcohol Dehydrogenases

During Prolonged Growth on Glucose

The resistance of alcohol dehydrogenase II to inactivation at

the time of a moderate heat treatment haspermitted the evaluation

of its relative concentration in yeast extracts recovered at dif-

ferent optical densities.

The samples of soluble extracts are placed for 15 min at 610,

then cooled rapidly on ice. Their residual activity is then

measured at room temperature.
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The activities prior to and after this treatment, as well as

the percentage of alcohol dehydrogenase II samples are set forth

in Table VII.

TABLE VII. ACTIVITY OF THE TWO ALCOHOL DEHYDROGENASES THROUGHOUT
PROLONGED GROWTH OF SACCHAROMYCES CEREVISIAE ON GLUCOSE.

De ree Activity of Alcohol Dehydro- in Alcohol De-
o gnase (1i .) -hydrogenase II

Absorption Initial After heat Alcohol dehy-
denatura- drogenase
tion (alco- calculated by
hol dehy- difference
dro enase

0.400 72-7 2-4 70.3 3-3
0.840 68.6 2.45 66 3.6
1.200oo 57.4 2.9 54.5 5.1
1.56o 89.3 5-5 83-7 6.2
1.700 90.5 8.4 82 9.3
i.86o 100oo.5 17-7 83 z7.6
1.94 o  x19.6 23.4 96 19.5
2.290 156 50 106 32
3.2oo00 170 6r lo9 36

A graphic representation of the differential synthesis velocity

of the different alcohol dehydrogenases during growth of S. cere-

visiae on glucose is obtained measuring the quantity of synthesized

dehydrogenase with respect to the quantity of proteins synthesized

(Fig. 6).

A clear discontinuity

appears in the synthesis

of the overall alcohol de- /327

o/ !hydrogenase, which is mainly

the reflection of the start
P oo, 1 of the synthesis of alcohol

Prothnes(pg/mi)

Fig. 6. Differential synthesis dehydrogenase II.

velocity of alcohol dehydrogenases,
, total alcohol dehydrogenase; o,

Finally, these results
alcohol dehydrogenase II.

permit the calculation of
Key: a. Activity Cunits/ml) the differential synthesis

b. Proteins 1
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velocities of the different alcohol dehy rogenases in units of

activity per 100 .g of proteins, and the evaluation-of the rate of

repression of the different enzymes during the exponential phase -

stationary phase transition (Table VIII).

TABLE VIII. DIFFERENTIAL SYNTHESIS VELOCITIES AND DEREPRESSION RATES
OF ALCOHOL DEHYDROGENASES.

Enzymes Phases Differential Rates of
Synthesis Derepression
Velocities

(units/100 .g)

Total alcohol dehydro- Exponential 6 5.4
genase Stationary 32.5

Exponential 5.7Alcohol dehydrogenase I .a12.5 2.2Stationary 12.5"

Alcohol dehydrogenaseII Exponential 0.3 66.0
Stationary 20

Discussion and Conclusions

The comparative study of alcohol dehydrogenase activities

present in S. cerevisiae grown on different carbon substrates proves

the existence of two different proteins with alcohol dehydrogenase

activity: alcohol dehydrogenase I, present mainly in yeast both

in aerobic and anaerobic growth on glucose, and alcohol dehydrogenase

II, responsible for the major part of the alcohol dehydrogenase

activity of yeast extracts on ethanol. Insofar as the alcohol

dehydrogenase activity of yeast extract on lactate is concerned,

it is due to the presence of a mixture of the two types of enzymes

in the extract.

It seems that the two enzymes can produce two distinct

metabolisms, since they develop differently in the yeast, depending

on the nature of the culture medium. Thus, alcohol dehydrogenase I,

produced mainly by the yeast that assimilates the sugar according

15



to an essentially fermentative metabolism, must function in vivo

in a physiological manner, namely, the reduction of acetaldehyde

in ethanol. It is the fermentative alcohol dehydrogenase, whose

specificity is marked by the acetaldehyde, which probably consti-

tutes its only physiological substrate. On the other hand, alcohol

dehydrogenase II, which develops when the yeast grows on ethanol

as the only carbon source, belongs to the oxidative metabolism

acting principally by oxidation of ethanol in acetaldehyde. It is

the oxidative alcohol dehydrogenase, which has a high degree of

specificity for C3 and C4 alcohols and which might also play a role

in the detoxification of the cell opposite the higher alcohols.

The evolution of the yeast-cell content in the two alcohol

dehydrogenases during aerobic growth on glucose confirms.thb role

attributed to the two enzymes.

With the exception of the above-cited study of Ebisuzaki and

Barron, few works led their authors to consider the possibility of

a heterogeneity of the alcohol dehydrogenase of the yeast.

In a recent review, Sund and Theorell [9] estimate that the

present results do not make it possible to definitely conclude

that there are two different alcohol dehydrogenases in yeasts.

By means of the application of criteria such as thermo-

stability and specificity, this work provides additional arguments

in favor of the heterogeneity of alcohol dehydrogenase in yeast.

Furthermore, the comparative study of the oxidation velocity of

cinnamic alcohol by the two enzymes established a similarity

between alcohol dehydrogenase II described by Ebisuzaki and Barron

and the oxidative alcohol dehydrogenase, which would appear to

definitely confirm.the existence of the two different enzymes in

S. cerevisiae.
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The presence of two alcohol dehydrogenases in yeast thus con-

stitutes a new example of the division of an enzyme involved in two /328

metabolic pathways having a common stage to ensure coordination [6].

Insofar as the regulation of alcohol dehydrogenases is con-

cerned, the experiments described suggest that the alcohol dehydro-

genase.II synthesis is rrepresaed by glucose. Actually, this

enzyme appears either at the end of growth on glucose, or growing

on a substrate such as lactate or ethanol. The facts observed by

Galzy and Slonimski [3] thus correspond to the derepression of the

oxidative alcohol dehydrogenase caused by the absence of glucose.

With respect to the repression of alcohol dehydrogenase by glucose

described by Witt, Kronau and Holzer [11], the evaluation of the

derepression rates suggests ithat it is the oxidative alcohol de-

hydrogenase that is mainly repressed at the time of the growth of

yeast on glucose. Conversely, the exhaustion of glucose in the

medium modifies the rate of synthesis of the, fermentative enzyme,

whose regulation seems to be related to the constitutive enzyme,

only slightly.

In conclusion, the S. cerevisiae yeast synthesizes two differ-

ent alcohol dehydrogenases, both as a result of their thermostabil-.

ity,and of their specificity. Their physical preparation and their

purification are currently being studied. This division of the

enzymes, which makes it possible to independently regulate the two

functions in which the alcohol dehydrogenase participates, raises

the problem of the origin and evolution of these dehydrogenases

within the framework of the chain of evolutive differentiation,

which has led to the extremely large number of types in the yeast

family.

Summary

Saccharomyces cerevisiae is able to synthesize two different

alcohol dehydrogenases according to the culture carbon source: an

17



alcohol dehydrogenase I produced by the cell in aerobic or

anaerobic growth on glucose (fermentative alcohol dehydrogenase)

and an alcohol dehydrogenase II produced by the yeast grown on a

respiratory substrate such as lactate or ethanol (oxidative

alcohol dehydrogenase).

The difference between the two alcohol dehydrogenases was

shown by the study of: (1) their heat denaturation; (2) their

substrate specificity.

These two enzymes have common properties: both of them

require NAD as a cofactor and both have the same optimal pH.

Alcohol dehydrogenase II is repressed by glucose.
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